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SPECIFICATION 



1- Title of the Invention 

Digital transmission system 

2. What is claimed is: 

1- A digital transmission system comprising an 
analog-to-digital converting circuit for converting the signal 
to be transmitted into a digital code of a desired number of 
bits, code converting means for taking out a specified number 
of upper bits of said digital code as a multilevel signal of 
a relatively small degree of multilevel, and taking out the 
remaining bits of said digital code as a multilevel signal of 
a relatively large degree of multilevel, quadrature amplitude 
modulating means for amplitude-modulating and synthesizing 
carriers of two axes orthogonal by the multilevel signal of 
relatively small degree of multilevel and the multilevel signal 
of relatively large degree of multilevel, and means for 
transmitting the output of said quadrature amplitude modulating 
means toward a transmission path. 

2. A digital transmission system according to claim 1, 
wherein error detection correction codes are added to the 
specified number of upper bits of said digital code and the 
remaining lower bits, and then they are applied to said code 
converting means. 

3. A digital transmission system according to claim 1, 



further comprising means for receiving a signal from said 
transmission path, means for demodulating the received 
quadrature amplitude modulation digital signal about two axes, 
code inverse converting means for talcing out the demodulated 
multilevel signal of relatively small degree of multilevel and 
multilevel signal of relatively large degree of multilevel as 
2-level digital codes, and a digital/analog converting circuit 
for converting said 2-level digital codes into analog signals. 

4. A digital transmission system according to claim 3, 
wherein a digital signal processing circuit for detecting and 
correcting the error aid 2-level digital codes occurring during 
transmission is provided before said digital/analog converting 
circuit. 

3. Detailed Description of the Invention 

The present invention relates to a digital transmission 
system, and more particularly to a transmission system suitable 
for transmitting digitized voice at high quality. 
[Prior Art] 

At the present, as exclusive audio broadcast, AM broadcast 
using medium wave band and FM broadcast using very high 
frequency band are available. On the other hand, as the compact 
disc players are distributed widely and digital audio tape 
recorders are put in practical use today, there is a strong 
demand for digital broadcast in the field of exclusive audio 
broadcast. 

In this era, the sound broadcasting system by digital 




coding has been reported, for example, in "Satellite Broadcast 
Receiver" in Part 1 of Satellite Broadcast Receiving Technology 
Investigation Group of Radio Engineering Society, published 
June 1983, but since reception of satellite broadcast requires 
a parabolic antenna of about 1 m in diameter, a handy digital 
audio broadcasting system such as FM broadcast using very high 
frequency band is requested. 

As disclosed in "Satellite Broadcast Receiver", in digital 
audio, deterioration of transmission signal CN ratio and other 
transmission error are corrected by using error detection 
correction code transmitted in superposition, and errors not 
corrected yet are treated by average interpolation from the 
preceding and succeeding audio sample values, or the preceding 
audio sample is held as the previous value. Further, if there 
are more errors during transmission, it is known to cut off the 
audio signal output. 

[Problems that the Invention Is to Solve] 

In the prior art, since no consideration is given to 
distribution of transmission information into upper bits and 
lower bits after digital coding, if the CN of the transmission 
path becomes small and the error rate of the transmission 
digital code increases, unusual sound is "generated or 
reproduction sound is cut off, and the content of transmission 
information could not be understood. 

The invention is devised to solve the above problems in 
the quadrature amplitude modulation digital transmission 
system for amplitude-modulating two orthogonal carriers by two 




sets of digital codes. That is, the present inventors promoted 
studies about these problems, and discovered that occurrence 
of error rate due to lowering of transmission CN ratio is higher 
as the degree of multilevel is larger, and that the relatively 
important bits, that is, upper bits must be lowered in 
occurrence of error rate as compared with relatively less 
important bits, that is, lower bits, and attempted to solve the 
problems . 

It is hence an object of the invention, in the quadrature 
amplitude modulation digital transmission system, to reproduce 
the information in high quality state if the transmission CN 
ratio is large and the error rate of transmission digital code 
is low, and to minimize occurrence of error in the digital code 
portion having a serious effect on reproduction information if 
the transmission CN ratio is lowered and the error rate of 
transmission digital code is entirely increased, thereby 
reproducing at such an extent as to understand the content of 
the transmission information. 
[Means for Solving the Problems] 

To achieve the object, in the quadrature amplitude 
modulation digital transmission system of the invention, 
carriers of two orthogonal axes are different in the degree of 
multilevel of multilevel signal to be modulated, and higher bits 
of the code converted from analog to digital are assigned to 
the specified number of bits as the multilevel signal of the 
axis of smaller degree of multilevel, while the remaining lower 
bits are assigned as the multilevel signal of the axis of larger 



degree of multilevel. 

[Operation of the Invention] 

When the transmission CN ratio of transmission signal 
becomes smaller, the error rate of the lower bits transmitted 
at larger degree of multilevel is higher, but the error rate 
is lower in the upper bits transmitted at smaller degree of 
multilevel. 

Since the error rate of upper bits is lower, large error 
of amplitude is rare in analog signal, and extremely unusual 
sound is hardly generated, and it is not required to cut off 
reproduction sound, and reproduction sound of such a quality 
as to understand the content of transmission information can 
be obtained. 
[Embodiment] 

As an embodiment of the invention, an example of three-bit 
transmission is explained below, in which the number of 
transmission bits of the quadrature amplitude modulation 
(hereinafter called QAM) is 4 bits, and the Q-axis of 16QAM is 
2-level. Fig. 1 shows an example of a receiving and reproducing 
apparatus of the invention, in which reference numeral 1 is an 
antenna, 2 is a channel selection circuit, 3 is a first 
synchronous detection circuit, 4 is a second synchronous 
detection circuit, 5 is a carrier regenerating circuit, 6 is 
a phase shifter, 7, 8 are LPFs (low pass filters), 9 is a first 
discriminating circuit, 10 is a second discriminating circuit 
(4-level-2-level converting circuit), 12 is a first receiving 
side digital signal processing circuit, 13 is a second receiving 



side digital signal processing circuit, 14 is a digital/analog 
converting circuit (hereinafter called DAC) , and 15 is an audio 
output.. Fig. 2 shows an example of a transmitting side 
transmission signal generating apparatus of the invention, in 
which reference numeral 21 is an audio input, 22 is an 
analog-to-digital converting circuit (hereinafter called ADC) , 
23 is a first transmitting side digital signal processing 
circuit, 24 is a second transmitting side digital signal 
processing circuit, 25 is a 2-level-4-level converting circuit, 
26, 27 are LPFs, 28 is a carrier generating circuit, 29 is a 
phase shifter, 30 is a first modulating circuit, 31 is a second 
modulating circuit, 32 is an adder, 33 is an amplifier, and 34 
is an antenna. Fig. 3 shows a code layout example of 
transmission signal of the invention, and Fig. 4 is a bit 
distribution example of transmission signal of the invention. 

The operation is explained first from the receiving side. 

The transmitted wave is received in the antenna 1 in Fig. 
1, and the broadcasting station is selected in the channel 
selection circuit 2. The intermediate frequency signal after 
channel selection is synchronously detected in the quadrature 
relation by the first synchronous detecting circuit 3 and second 
synchronous detecting circuit 4, by the output of the carrier 
regenerating circuit 5 and output of the phase shifter 6, and 
undesired signals are removed by the LPF 7 and 8 . As the output, 
the Q-axis has an eye pattern of 2-level value, and the I-axis 
has one of 4 -level value. From the eye patterns, 2-level 
digital codes are obtained by the output of the clock 



regenerating circuit 11 and the first discriminating circuit 
9 and second discriminating circuit 10. Then, in the first 
digital signal processing circuit 12 and second digital signal 
processing circuit 13, detection and correction of error 
occurring during transmission, de-interleaving, and digital 
signal processing for demodulating digital transmission are 
executed, and the code is converted into an analog signal in 
the DAC 14, and an audio output 15 is obtained. 

Referring next to Fig. 2, the transmitting side operation 
is explained. Fig. 2 is a block diagram of an apparatus for 
generating a transmission signal for reproducing in this 
receiving and reproducing apparatus. The analog signal from 
the audio input 21 is converted into a 2-level digital code in 
the ADC 22, codes for detecting and correcting errors occurring 
during transmission are added by the first digital signal 
processing circuit 23 and second digital signal processing 
circuit 24, and interleaving or other process is done to avoid 
burst error. Then, on the I-axis, the 2-level output of the 
second digital processing circuit 24 is applied into the 2- 
level-4-level converting circuit 25 to be converted into a 
4-level value, the undesired band is removed through the LPF 
27, and the output of the carrier generating circuit 28 is 
modulated in the second modulating circuit 31 by using the 
signal shifted in phase by 90 ° through the shaft shifter 29. 
On the other hand, on the Q-axis, the 2-level output of the first 
digital processing circuit 23 is applied to the LPF 26 to remove 
undesired band, and is modulated in the first modulating circuit 




30 by using the output of the carrier generating circuit 28. 
In this embodiment , the degree of multilevel of Q-axis remains 
at 2-level, the 2-level-multilevel converting circuit as on the 
I-axis is omitted. The outputs of the converting circuits 30, 

31 are added in the adder 32, and amplifier in the amplifier 
33, and transmitted as radio wave from the antenna 34. 

Fig. 3 shows the code layout of QAM signal by modulating 
the I-axis by 4-level and Q-axis buy 2-level. The axis of 
abscissas in Fig. 3 is the Q-axis, expressed by 2-level of 0 
and 1, and the I-axis is 4-level of 00, 01, 10, 11, so that 
three-bit data can be simultaneously transmitted in a same time 
slot. This is shown in Fig. 3 in the sequence of (Q, Ii, I 2 ) . 
There is a difference of three times between the inter-code 
distance on the Q-axis and the inter-code distance on the I-axis, 
and the transmission signal CN ratio at which the bit error rate 
is the same may be smaller by 10 dB on the Q-axis. In other 
words, in the case of a signal transmitted at a certain CN ratio, 
the error rate is smaller on the Q-axis. 

Further, as shown in Fig. 4, assuming the audio signal to 
be transmitted is quantized at N bits per 1 sample, for example, 
12 bits, the data is supposed to be Di, D 2 , D 3 , D 12 
sequentially from the highest bit (MSB) f and in the higher M 
bits, the error detection and correction code is, for example, 
Ei for three bits D x to D 3 , E 2 for D 4 to D 6 , and E 3 for D 7 to D 9 . 
In this case, in the time of time slots Ti to T 5 , by distributing 
D x to D 4 and Ei to Q, ' and D 5 to D X2 , E 2 and E 3 to I x and I 2 , in 
the case of deterioration of CN ratio of transmission signal, 



since the higher bit side is assigned to the Q-axis, the error 
rate is low, while the lower bit side is assigned to the I- 
axis, and the error rate is high. As a result, if the CN ratio 
of transmission signal is extremely poor and the lower bits are 
nearly completely errors, the error rate of the upper bits is 
small, and the audio signal be reproduced to a certain extent. 

The error detection and correction codes Ei to E3 are 
indicated as parity for 1 sample, but an error detection and 
correction code of several bits may be assigned by collecting 
upper three bits of several samples. 

As described herein, according to the embodiment, if the 
transmission CN ratio is large and the error rate of 
transmission digital code is large, reproduction sound of 12 
bits is obtained, and if the CN ratio is small and poor, the 
error is small in the upper three or four bits, so that the 
reproduction sound is obtained to such an extent as to be 
understood as voice. 

In the case of three-bit transmission, the required 
transmission band width is calculated. Supposing the number 
of quantized bits to be 12 bits, the sampling frequency to be 
32 kHz, the sound channels to be two (stereo), and the error 
correction code superposition to be 30%, 

12 bits X 32K / S X 2ch X 1.3 = 998.4 kbps 
and 998.4 kbps (kbits/sec) is obtained, and by simultaneous 
three-bit transmission, it is 332.8 kbps, which can be 
transmitted in a band width of 332.8 kHz. This band width is 
similar to that of the existing FM broadcast, and it can be 



transmitted in the very high frequency band. 

On the other hand, the carrier regenerating circuit 5 is 
important for obtaining the regenerative orthogonal axes, and 
on the basis of only the 4-level case of data (0, 0, 0), (0, 
1, 1), (1, 0, 0),and (1, 1, 1), a method of negative feedback 
so that the amplitude may be equal on the I-axis and Q-axis may 
be considered. This circuit is, in the case of 16QAM, explained 
in the reference carrier regenerating circuit shown in pp. 
134-135 of "Digital Microwave Communications", published by 
Project Center, May, 1984. 

The audio signal is explained so far, but same effects are 
obtained in video signal and other data in which upper bits 
present important information. 

Herein, four bits of 16QAM are transmitted in three bits 
in eight states, but same effects are obtained in other QAM such 
as transmission of six bits of 64QAM in five bits in 32 states 
by 8-level on the I-axis and 4-level on the Q-axis. In this 
case, the transmitting side requires 2-level-8-level 
converting circuit on the I-axis and 2-level-4-level converting 
circuit on the Q-axis. Similar reverse converting circuits are 
also required at the receiving side. 
[Effects of the Invention] 

As the embodiment is described herein, according to the 
quadrature amplitude modulation digital transmission system of 
the invention, carriers of two orthogonal axes are different 
in the degree of multilevel of multilevel signal to be modulated, 
and higher bits of the code converted from analog to digital 



are assigned as the multilevel signal of the axis of smaller 
degree of multilevel, while the remaining lower bits of the code 
converted from analog to digital are assigned as the multilevel 
signal of the axis of larger degree of multilevel, and therefore 
reproduction at high quality is possible when the transmission 
CN ratio is large and the transmission condition is favorable, 
and in the poor condition of lower transmission CN ratio, 
increase of error rate is suppressed in the upper bits as 
compared with lower bits, so that it is possible to reproduce 
to such an extent as the content of the transmission 
information can be understood, and many other excellent effects 
are brought about. 

4. Brief Description of the Drawings 

Fig. 1 is a block diagram of an embodiment of receiving 
and reproducing apparatus according to the invention, Fig. 2 
is a block diagram of an embodiment of transmitting side 
transmission signal generating apparatus of the invention, Fig. 
3 is a diagram showing an example of code layout of transmission 
signal used in the invention, and Fig. 4 is a diagram showing 
an example of bit layout of transmission signal used in the 
invention. 

3, 4 Synchronous detector 

9, 10 Multilevel code discriminating circuit (4-level- 

2-level converting circuit) 

11 Clock regenerating circuit 



12, 13, 23, 24 Digital signal processing circuit 

14 Digital-to-analog converting circuit 

21 Audio input terminal 

22 Analog-to-digital converting circuit 
25 2-level-4-level converting circuit 
30, 31 Quadrature, modulation circuit 

32 Adder 

Attorney: Katsuo Ogawa, patent attorney 
Fig. 1 

2 Channel selector 
5 Carrier regenerator 

9 Discriminating 

10 Discriminating 4-level-2-level conversion 

11 Clock regenerator 

12 Digital signal processor 

13 Digital signal processor 

15 Output 
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I-axis 

Fig. 2 

23 Digital signal processor 

24 Digital signal processor 

25 2-level-4-level converter 

33 Amplifier 
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